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PRINCIPLES  of  PROGRAMING:  II. 
CHAMPAIGN  COMMUNITY  UNIT  SCHOOL  DISTRICT  NUMBER  k   HIGH  SCHOOLS"'" 

ELlen  F.  Rosen,  Gerald  L.  Frincke  and  Lawrence  M.  Stoluxow 


PURPOSE 

The  studies  done  in  the  simmer  session  at  the  Urbana  Junior  High 
School  (Stolurow,  et.  al.,  1964)  suggested  the  desirability  of  replicating 
some  phases  of  the  study  with  a  larger  sample  size.  The  studies  selected 
for  replication  were  those  concerned  with  the  mode  of  presentation,  the 
implementation  of  discovery,  the  sequencing  of  frames,  and  the  size  of  step, 


METHOD 


In  general,  the  attack  on  these  problems  was  the  same  as  that  used  in  the 
summer.  However,  the  classes  in  this  study  used  only  programed  textbooks 
when  they  were  covering  the  material  of  Parts  lO^f,  106,  110.5^  and  112.  The 
rest  of  the  material  of  Unit  I  was  taught  by  the  teacher  from  the  conventional 
UICSM  Unit  I.  They  only  took  the  end  tests  for  Parts  lOif,  106,  107,  110.5, 
112,  and  the  Unit  I  review  test.  No  pretests  were  administered.  After  com- 
pleting Part  112,  students  were  asked  to  complete  an  attitude  questionnaire. 


1 
This  study  would  not  have  been  possible  without  the  cooperation  and 
assistance  of  Paul  W.  Rainey  of  Jefferson  Jr.  High  School,  and  Mrs.  James  Hill 
and  Mrs.  David  Kohfeld  of  Champaign  Senior  High  School. 
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The  theoretical  considerations  for  each  problem  were  discussed  in  earlier 
reports  (Stolurow  &  Beberman,  I963;  Stolurow  et .  al.,  1964)  and  will  not  be 
reviewed  here  except  as  the  data  relates  to  them. 
Students 

There  were  four  classes  involved  in  this  study.  All  four  classes  were 
composed  of  students  who  were  considered  to  be  slow  learners  of  mathematics. 
Two  classes  were  held  at  Champaign  High  School  and  two  at  Jefferson  Junior 
High  School.  The  teachers  and  class  compositions  are  given  in  Table  I.  Also 
in  Table  I  are  presented  the  modes  which  the  classes  studied  the  materials  under. 

Not  all  students  were  used  in  all  studies.  If  data  on  a  student  were 
incomplete  (student  had  not  completed  all  previous  parts)  he  was  not  incliided 
in  the  studies  after  the  parts  he  had  not  finished.  The  number  of  students 
given  in  Table  I  is  the  number  of  students  after  those  with  incomplete  data 
were  dropped.   In  some  cases  students  were  not  included  because  due  to  some 
technical  error  it  was  not  known  which  group  they  belonged  to. 

Subjects  and  Class  Composition 

The  subjects,  as  mentioned,  consisted  of  four  classes  of  slow  mathematics 
learners.  The  classes  were  composed  entirely  of  four  sophmore  high  school 
students  who  had  either  previously  only  studied  business  mathematics  and  arith- 
metic or  who  had  had  first  year  algebra  before  and  failed.  The  classes  are 
listed  in  Table  I. 

Materials  and  Procedure 

The  course  was  based  on  the  conventional  UICSM  text.  Unit  I  was  covered 
during  the  months  from  September  until  the  beginning  of  the  Christmas  vacation 
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(Unit  I  review  test  administered  at  that  time).  The  teachers  taught  their 
classes  until  they  reached  the  topics  covered  by  Part  104,  106,  110.5^  and 
112  (Stolurow  and  Beberman,  I963).  When  they  reached  one  of  these  parts  the 
teacher  adopted  one  of  the  modes  of  presentaision  using  the  programed  text 
which  were  described  before  (S"Jolurow  and  Bebennan,  I963).  For  the  purposes 
of  this  paper,  the  modes  will  be  given  the  following  appelations: 


Mode  E  (pure) 

Mode  E  (anticipating) 

Mode  E  (following) 


pure 

(book)  lead 
(book)  follow 


As  each  booklet  was  finished,  the  appropriate  end-test  was  administered.  When 
Unit  I  was  completed,  the  Unit  I  review  test  was  given. 

Formation  of  E>cperimental  Groups 

Students  were  divided  by  class  into  2  groups  for  the  lead-follow  study. 
Table  I  indicated  how  the  2  groups  were  formed.  For  the  rest  of  the  studies, 
students  were  randomly  assigned  to  treatment  condition  within  class.  One 
class  always  had  the  lead  mode,  one  the  follow,  and  two  the  pure.  The  treat- 
ment conditions  are  indicated  in  Table  1. 

Analyses  of  Test  Scores 

The  means  and  variances  as  well  as  the  sample  sizes  are  presented  in 
Tables  2  and  3  for  the  parts.  The  means  were  tested  for  significance  with 
a  pxq  analysis  of  variance  with  uneq.ual  cell  freq.uencies  (Winer,  I963).  The 
summary  tables  of  these  analyses  are  presented  in  Tables  k,   5^  6,  "J,   and  8. 
The  assumption  of  homogeneity  of  variance  was  tested  by  means  of  a  conservative 
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F  maoc.  test.  The  results  of  these  analyses  are  presented  in  Table  9-  The 
failure  of  this  assumption  casts  some  suspicion  on  the  appropriateness  of 
the  analysis  of  variance  model  for  these  data.  But  since  this  analysis  is 
reported  to  be  robust  vith  respect  to  deviations  from  this  assumption  the 
results  of  the  analysis  are  perhaps  meaningful  in  spite  of  lack  of  homo- 
geneity of  variance. 

The  only  variables  which  the  analyses  indicate  had  significant  effects 
were  presentation  mode  on  P^rt  106,  and  sequence  of  frames  on  Part  110. 5 • 
These  two  parts  were  both  ones  which  required  the  rejection  of  the  assumption 
of  homogeneity  of  variance. 

Analysis  of  Part  Times 

The  mean  time  and  variance  as  well  as  the  sample  size  for  each  part  are 
presented  in  Tables  10  and  11.  The  means  were  tested  for  significance  with 
the  same  analysis  as  was  used  for  the  test  scores.  All  time  scores  were  used 
from  all  subjects  who  met  the  following  requirements:   (l)  they  had  recorded 
their  times;  (2)  they  had  scores  recorded  for  all  preceding  part  tests  as  well 
as  a  score  for  the  test  corresponding  to  the  part  under  consideration.  The 
summary  tables  of  these  analyses  (Tables  12,  13,  l4,  and  15)  show  that  were 
significant  effects  in  both  parts  110.5  and  112.  In  Part  110.5  there  were 
significant  infc emotion  crfi    \ciriable  effects  and  in  Part  112  there  were  sig- 
nificant variable  effects. 
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a  conservative  test  of  the  assumption  of  homogeneity  of  variance  for  these 
analyses  are  presented  in  Table  l6.  The  assumption  is  violated  in  the  test  on 
I^rt  110.5. 

DISCUSSION 
The  hypotheses  as  formulated  during  the  summer  (Stolurow,  et.  al.,  1964) 
in  general  -were  not  supported.  Position  of  a  frame  in  the  sequence  did  seem 
to  have  some  effect  on  both  Part  test  performance  and  time.  There  is  an  inter- 
action of  sequence  vith  mode  in  the  time  analysis;  this  confuses  interpretation. 
Furtheimore  the  booklets  which  present  the  different  sequences  are  of  different 
length  (logical  sequence  is  longer).  This  difference  in  length  could  perhaps 
account  for  the  time  difference.  The  snail  step  size  program  is  longer.  Since 
there  vas  no  difference  on  Part  112  in  part  test  score,  the  Part  112  produces 
superior  results  in  that  immediate  learning  is  as  good  as  for  112  with  a  time 
saving.^  Since  Part  110. 5  (random  sequence)  produced  better  learning  as  well 
as  a  savings  in  time,  it  is  superior  to  the  logical  sequence  version. 


2 
For  a  discussion  of  measurement  of  step,  size,  and  actual  rated  and 

empirically  determined  step  size,  see  Rosen  and  Stolurow  (1964). 
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Table  k 
Summary  of  Analysis  of  Variance  of  Part  104 

Source         df  MS  F 

Mode  1  17.021  *^    1 

Error  95  2^.215 

Total  96 
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Table     5 

Summary  of  Analysis  of  Variance  of  Part   106 


Source 

df 

MS 

F 

Mode 

2 

200.49 

5-213* 

Discovery 
Method 

2 

37.78 

^  1 

Interaction 

k 

11.89 

<   1 

Error 

77 

38.46 

■X- 

Significant  at  .01  level  for  2  and  70  df . 
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Table     6 
Summary  of  Analysis  of  Variance  of  Part  107 


Source 

df 

MS 

F 

Mode 

2 

15.589 

^  1 

Discovery 
Method 

2 

15.842 

<  1 

Interaction 

k 

U.13U 

C   1 

Error 

11 

17.981^. 

2M 
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Table  7 

Summary  of  Analysis  of  Variaince  of  Part  110.5 

Source         df  MS  F 

Sequence        1  71.10  4.59 

Mode            2  17.42  1.13 

Interaction     2  li<-.68  ^1 

Errorq         72  15. l8 


Significant  at  .05  level  for  1  and  70  df. 
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Table  8 

Summary  of  Analysis  of  Variance  of  Part  112 

Source         df  MS               F 

Mode            2  11.03             ^  1 

Step  Size       1  26.37             1.68 

Interaction      2  39.^2            2.51 

Error          72  15.70 
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Table  9 


Conservative 


F-max  tests  where  H:  a^  =  ag  =  •  •  •  =  aj^   and  A:  o-^^a^  r   •••  /  aj^ 


Part 

k 

n 

F  max. 

Decision 

Significance  Level 

if 

decide  A 

104 

2 

i^3 

1.38 

H 

106 

9 

15 

II.U59 

A 

.01 

107 

9 

15 

5.227 

H 

110.5 

6 

17 

6.899 

A 

.01 

112 

6 

20 

9.188 

A 

.01 
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Table  12 

Summary  of  Analysis  of  Variance  of  Part  10^  Times 

Source  df         MS  F 

Mode  1  3.67  4l  1 

Error  k2  3551.02 
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Table  I3 
Summary  of  Analysis  of  Variance  of  Part  I06  Times 


Source 

df 

MS 

F 

Discovery  Method 

2 

169.89 

^  1 

Mode 

2 

I5I+.57 

<  1 

Interaction 

k 

166.71 

^  1 

Within  cell 

i^5 

183.67 

19 

Table  Ik 

Summary  of  Analysis  of  Variance  of  Part  110-5  Time 


Source 

df 

MS 

F 

Sequence  of 
Responses 

1 

10895-00 

13.32* 

Mode 

2 

1839.90 

2.25 

Interaction 

2 

5669.76 

6.93 

Wi thing  Cell 

16 

817.82 

.3} 

=  .Pl 

(^  2,16 

y^ 

5. 23 1 

..J 

=  .01 

20 
liable     15 
Summary  of  Analysis  of  Variance  of  Part   112  Time 

Source  df  MS  F 


Step  Size 

1 

Mode 

2 

Interaction 

2 

Within  Cell 

22 

12160.67 

15.91* 

832.88 

1.09 

888.46 

1.16 

76U . 22 

* 


^     ^  \22  ^^-55    }     ■-   ■°^ 
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Table  l6 


2      p        p 
Conservative  F-max  Tests  where  H:  a]_   "  a^   =  •••"  *^ 


^k  ^  A-  ^1  ^  ^2  ^     ^^k 


For  Time  Analyses 


Part 

K 

n 

F-max. 

Decision 

Significance 
level  if  decide 

lOU 

2 

19 

1/02 

H 

106 

6 

2 

90.58 

H 

110.5 

6 

2 

1^21.56 

A 

.05 

112 

6 

2 

88.32 

H 

r  ; 
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